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ABSTRACT 


The  tensile,  compressive,  shear  and  bearing 
properties  were  determined  in  the  longitudinal  and  lonq- 
transverse  directions  for  a  total  of  129  lots  of  commerc¬ 
ially  produced  2014,  2024,  7075,  7079  and  7178  plate  in 
stress-relieved  stretched  tempers  (-TX51) ,  and  in  thicknesses 
from  0.250  to  6.000  in.  For  thicknesses  larger  than 
2.000  in.,  tensile  and  compressive  properties  were  determined 
in  the  short-transverse  direction. 

Tests  of  35  lots  in  "heat-treated-by-user " 
tempers  were  made. 

Ratios  of  tensile,  compressive,  shear  and  bearing 
properties  to  corresponding  long-transverse  tensile  proper¬ 
ties  were  computed.  Some  variations  in  ratios  occur  with 
respect  to  alloy,  temper,  thickness,  location  in  thickness, 
and  direction  of  loading. 

Groups  of  ratios  for  each  alloy  in  the  -TX51 
tempers  were  analyzed  statistically.  Minimum-average  values 
were  determined.  Using  these  minimum-average  values, 
tocrether  with  long-transverse  tensile  properties  from  speci¬ 
fications  as  basis  "A"  values  and  corresponding  basis  "B" 
values  obtained  from  recent  production  data,  tables  of 
design  mechanical  properties  of  MIL-HDBK-5  were  prepared. 

Tensile  and  compressive  stress-strain  character¬ 
istics  were  determined.  Typical  and  minimum  stress-strain 
and  compressive  tangent -modulus  curves  were  prepared  for 
MIL-HDBK-5. 
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SECTION  I 


INTRODUCTION 


In  the  tables  of  design  mechanical  properties  for 
aluminum  alloys  in  MIL-HDBK-5,  the  "A"  values  for  ultimate 
tensile  stress,  tensile  yield  stress  and  elongation  in  one 
direction  are  the  minimum  values  required  in  material  speci¬ 
fications  and  are  based  on  the  results  of  considerable  number 
of  inspection  tests  of  commercial  lots.  Prom  past  experience, 
it  can  be  expected  that  these  values  will  be  met  by  99  per 
cent  of  the  total  commercial  production.  Tests  for  the  ten¬ 
sile  properties  in  other  directions  and  for  the  compressive, 
shear  and  bearing  properties  are  seldom,  if  ever,  made  during 
routine  inspection;  and  it  would  be  impractical  to  provide  an 
equally  large  amount  of  data  for  establishing  individually 
the  values  for  these  other  properties.  For  this  reason,  the 
"A11  design  values  for  these  properties  are  ''derived"  values 
based  on  a  smaller  number  of  tests,  as  described  in 
Paragraph  3. 1.1. 1.1  of  MIL-HDBK-5 . 

The  desirability  of  stretching  heat-treated  alumi¬ 
num  alloy  products,  not  only  for  straightening,  but  also  to 
reduce  residual  stresses  and  warpage  during  subsequent 
machining  operations,  has  been  recognized  in  recent  years  by  the 
establishment  of  the  -TX51  tempers.  It  is  realized,  however, 
that  this  stretching  may  have  a  significant  effect  on  some  of 
the  mechanical  properties,  particularly  a  reduction  of  the 
compressive  yield  stress  in  the  longitudinal  direction. 

While  values  for  some  of  the  properties  not  covered  by 
specifications  are  Included  in  MIL-HDBK-5,  it  is  not  certain 
that  all  of  these  values  would  be  the  same  if  they  had  been 
established  on  the  statistical  basis  recommended  by  the 
Handbook  Reliability  Subcommittee  of  the  MIL-HDBK-5  Working 
Group (l). 


The  work  under  this  contract  was  done  to  establish 
design  mechanical  properties,  including  stress- strain  and 
compressive  tangent -modulus  curves,  for  201 4,  2024,  7075, 

7079  and  7178  aluminum  alloy  plate  in  the  relatively  new  -TX51 
tempers.  The  "derived"  values  were  to  be  computed  using 
minimum- average  ratios  determined  by  statistical  analyses  of 
the  results  of  the  tests  to  be  made. 

The  final  results  of  this  work  are  for  use  even¬ 
tually  in  MIL-HDBK-5 .  For  comparison,  similar  tests  were 
made  of  a  small  number  of  samples  of  plate  in  the  "heat- 
trcated-by-user"  tempers. 


Manuscript  released  by  the  authors  May  19b4  for  publication 
as  an  Ml.  Teclmical  Documentary  Report. 
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SECTION  2 


MATERIAL 


All  samples  of  plate  tested  were  from  lots  produced 
on  regular  orders  for  customers,  as  they  became  available; 
no  sample  was  produced  especially  for  this  contract.  No  two 
samples  were  from  the  same  production  lot. 

The  samples  were  obtained  from  three  producers. 

While  it  was  planned  originally  that  not  more  than  two-thirds 
of  the  samples  would  be  from  a  single  producer,  it  was  not 
possible  to  obtain  the  desired  number  of  samples  and  also 
meet  this  requirement. 

Originally,  it  was  planned  to  procure  a  sample  from 
each  of  three  to  eight  lots  of  2014,  2024,  7075;  7079  and  Ylj8 
aluminum  alloy  plate  in  the  -TX51  tempers,  from  each  thickness 
range  shown  in  the  tables  of  design  mechanical  properties  in 
MIL-HDBK-5.,  August  1962.  The  number  of  samples  for  each 
thickness  range  depended  mainly  upon  the  extent  of  the  range. 

A  lesser  number  of  samples  of  plate  also  was  ordered  in  the 
-0  or  -F  temper  in  most  of  the  thickness  ranges,  to  be  heat 
treated  later  for  tests  of  the  "heat- treat ed-by- user"  tempers. 

Actually,  not  all  of  the  desired  samples  became 
available,  particularly  some  of  those  of  the  larger  thick¬ 
nesses.  A  total  of  129  samples  In  the  -TX51  tempers,  and  51 
In  the  -0  or  -P  temper,  were  received.  They  were  produced 
between  June  1962  and  December  1965;  with  the  exception  of  a 
few  produced  as  early  as  June  i960.  The  four  samples  of 
2024-0  and  -F  were  tested  in  two  "heat-treated-by-user" 
tempers,  30  that  the  total  number  of  samples  tested  in  those 
tempers  really  was  55  instead  of  51. 

Each  sample  wa3  15x20  in.,  except  that  those  of 
2024-0  and  2024-F  were  20x50  in.  The  latter  were  cut  In  half 
so  that  the  pieces  later  could  be  heat  treated  to  the  -T42 
and  -T62  tempers,  respectively. 

The  thicknesses  ranged  from  0.250  to  6.000  in.  The 
thickness  and  identification  of  each  sample  are  shown  in 
Table  I. 


The  heat  treatment  and  stretching  conditions  used 
in  fabricating  the  samples  of  -TX51  plate,  as  reported  by  the 
respective  producers,  are  shown  in  Table  II. 

The  51  samples  that  were  received  in  the  -0  or  -P 
temper  were  heat  treated  to  the  "heat-treated-by-user"  tem¬ 
pers  using  the  conditions  shown  in  Table  III,  which  are 
generally  in  accordance  with  MIL-H-6088C. 


SECTION  3 


PROCEDURE 


All  tests  were  made  using  the  smallest  suitable 
ranges  of  an  Amsler  20,000~lb  ('type  IOSZBDA58),  an  Olsen 
Electomatic  30.,000-lb,  or  s*i  Southwark- Tate-Emery  50,000-lb 
Universal  Testing  Machine.  Each  of  these  machines  had  been 
calibrated  prior  to  and  during  the  life  of  this  contract. 

The  accuracy  always  was  well  within  that  required  by  ASTM(2) 
and  Federal  specifications,  generally  being  within  0.75  per 
cent  for  all  loads  from  1/10  to  full  range.  In  all  tests, 
the  range  used  was  such  that  loads  at  the  ultimate  stress 
and  yield  stress  exceeded  1/10  of  that  range. 

Single  tests  were  made  except  in  a  few  instances 
where  a  review  of  the  results  indicated  that  check  tests 
were  needed. 

Tensile,  compressive,  shear  and  bearing  tests  were 
made  using  longitudinal  and  long-transverse  specimens  from 
the  center  of  the  thickness  of  each  sample,  and  midway  from 
the  surface  to  the  center  of  the  thickness  from  all  samples 
thicker  than  1,500  in.  Tests  also  were  made  using  short- 
transverse  specimens  from  all  plate  2.000  in.  or  more  in 
thickness.  Bearing  specimens  were  taken  in  the  flatwise 
plane  from  each  sample,  and  also  in  the  edgewise  plane  from 
some  samples  of  plate  1.000  in.  or  more  in  thickness. 

The  general  dimensions  of  the  specimens  are  shown 
in  Figs.  1,  2  and  3- 

The  tensile  specimens  from  plate  ^0.499  in.  thick 
were  full-thickness  sheet-type  specimens;  for  plate  ^0.500 
in.  thick,  the  largest  suitable  subsize  round  specimen  was 
used.  Generally,  the  1/2- in.  and  1/4- in.  diam  tensile 
specimens  were  of  the  tapered- seat  type (3),  but  threaded-end 
specimens  were  used  in  a  few  tests.  The  compressive  speci¬ 
mens  from  plate  ^0.499  in.  thick  were  full-thickness 
sheet-type  specimens;  for  plate  5-0.500  in.  thick,  l/2-ln, 
diam  specimens  were  used.  The  tensile  and  compressive 
tests  were  conductec  in  accordance  with  ASTM  Methods  E8  and 
F9(4,5)j  respectively.  Yield  stresses  were  determined  from 
autographic  load- strain  diagrams  at  0.2  per  cent  offset. 

The  compressive  tests  were  made  using  a  subpress  (Fig.  3  of 
Methods  E9),  and  lateral  support  in  tests  of  sheet-type 
specimens  was  provided  by  a  Montgomery- Templin  jig  (Fig.  4a 
of  Methods  E9). 
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*1116  largest  suitable  shear  specimen  (3/16-  or 
1/4-in.  diam)  was  used  for  plate  ^0.375  in*  thick;  for 
plate  >0.375  in.  thicks  3/S- in.  diam  specimens  were  used. 

The  tests  were  made  using  an  Amsler  double- shear  tool  in 
which  the  specimens  were  sheared  on  two  planes  one  inch  apart. 
The  diametral  clearance  between  the  shear  die  and  specimen 
was  approximately  0.001  in.  to  0.002  in.  In  the  tests,  the 
loads  were  applied  in  a  direction  normal  to  the  surface  of 
the  plate  from  which  the  specimens  were  taken.  The  shear 
stresses  determined  in  tests  with  loads  applied  in  this 
direction  average  about  5  per  cent  lower  than  when  loads  are 
applied  in  a  direction  parallel  to  the  surface  of  the 
plate (6) . 


For  the  different  orientations  of  bearing  specimens 
and  thicknesses  of  plate,  the  following  types  of  specimens 
(Fig.  3)  were  tested: 


Type  of 

Orientation  Specimen 


Plate 

Thickness,  in. 


Flatwise 


F  0.250-0.315 

D  0.373-6.000 


Edgewise 


A, B  1.000-1.280 

B  >1.500 


As  reported  previously (7 ) ,  there  is  little  effect 
on  the  values  obtained  for  bearing  properties  when  these 
different  sizes  of  specimens  are  used. 


In  the  bearing  tests,  load- deformat ion  curves  were 
recorded  autographically  and  the  bearing  yield  stresses  were 
determined  at  an  offset  equal  to  2  per  cent  of  the  pin 
diameter.  Edge  distances  of  both  1-1/2  and  2  times  the  pin 
diameter  were  U3ed.  The  test  fixture  and  the  specimens  were 
ultrasonically  cleaned  in  acetone  before  testing (8). 

Modulus-of -elasticity  and  stress- strain  tests  of 
a  selected  number  of  samples  were  made,  both  in  tension  and 
compression,  using  longitudinal  and  long-transverse  specimens 
as  shown  in  Fig.  4.  For  plate  -£0.499  in.  thick,  full- thickness 
sheet-type  tensile  and  compressive  specimens  were  used;  for 
plate  >0.750  in.  thick,  l/2-ln.  diam  tensile  and  3/4-ln.  diam 
compressive  specimens  were  used. 


The  procedure  In  these  tests  generally  was  in 
accordance  with  ..STM  Method  Elll-6l(9).  In  each  test,  two  or 
more  cycles  of  load  were  applied,  the  maximum  load  in  the  first 
cycle  usually  being  just  above  the  proportional  limit.  In 
the  first  cycle  in  each  tensile  test,  strains  were  measured 
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with  an  Amsler-Martens  mirror-type  extensometer  over  a  6- In, 
gage  length  (ASTM  Class  A)  (10 ) .  In  the  final  cycle 5  strains 
were  measured  with  the  same  instrument  over  a  2- In.  gage 
length  (ASTM  Class  B-l)(10),  the  shorter  gage  length  being 
used  in  older  to  reduce  the  amount  of  resetting  of  the  exten¬ 
someter  during  measurement  of  the  larger  strains.  In  each 
cycle  in  the  compressive  tests,  a  Tuckerman  optical  strain 
gage  was  used  over  gage  lengths  of  1  in.  and  2  in.  for  sheet- 
type  and  round  specimens,  respectively  (ASTM  Class  A) (10) . 

For  the  determination  of  each  modulus  value,  the  data  were 
examined  by  the  strain-deviation  procedure  in  Method  El  11-61 
(9), 


Based  on  the  results  of  the  stress-strain  tests, 
typical  and  minimum  ("A"  value)  stress-strain  curves  of  the 
alloys  in  the  -TX51  tempers,  and  typical  curves  for  each 
alloy  in  the  "heat-treated-by-user1'  tempers,  were  prepared 
for  various  thickness  ranges  in  accordance  with  Attachment 
59-29 (a)  of  the  minutes  of  the  20th  meeting  of  the  AJNC-5 
Panel (ll ) .  This  method  was  recommended  by  the  Panel  at  that 
meeting. 


From  the  typical  and  minimum  compressive  stress- 
strain  curves,  corresponding  compressive  tangent -modulus 
curves  were  prepared.  To  do  this,  parts  of  the  respective 
stress- strain  curves  were  replotted  using  suitably  expanded 
or  compressed  scales.  The  stresses  at  various  values  of 
tangent -modulus  then  were  determined,  from  which  the  tangent - 
modulus  curves  were  plotted. 
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SECTION  4 


RESULTS  OF  TESTS 


Summary  tables  of  the  results  of  Individual  tests, 
of  ratios  among  some  of  those  results,  of  statistical 
analyses  of  the  ratios  among  certain  properties,  and  of  pro¬ 
posed  design  values  are  arranged  as  indicated  in  the  List  of 
Tables.  In  the  first  two  groups  of  tables,  the  samples  are 
arranged  in  groups  according  to  the  thickness  ranges  in 
specifications . 

Plots  of  ratios  among  properties  for  the  samples 
of  different  thicknesses  of  ~TX 51  tempers  are  shown  in  Figs. 
5  to  22.  The  stress- strain  and  compressive  tangent-modulus 
curves  are  shorn  in  Figs.  23  to  40. 
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SECTION  5 


DISCUSSION  OF  RESULTS 


Ihe  specified  minimum  values  for  tensile  properties 
of  plate  of  the  different  alloys  and  tempers,  as  now  accepted 
by  the  industry,  are  summarized  in  Table  IV.  These  are  as 
shown  in  the  Aluminum  Association's  Booklet,  i! Standards  for 
Aluminum  Mill  Products, "  October  1 963  (with  one  exception  as 
noted  in  the  table),  and  generally  as  they  are  expected  to 
appear  in  ASTM  Specification  for  AJumlnum  Alloy  Sheet  and 
Plate  (3209-64).  In  the  cases  where  values  differ  from  those 
shown  in  the  government  or  AMS  specifications  now  in  use,  it 
is  understood  that  the  necessary  revisions  and  corrections 
are  being  made  in  those  specifications. 

The  results  of  the  tests  of  the  individual  samples, 
with  the  exception  of  the  stress-strain  tests,  are  summarized 
in  Tables  V  to  XI.  The  tensile  properties  of  each  sample 
exceeded  the  specified  minimum  values. 

Comparison  of  the  properties  of  samples  from  the 
different  producers  sometimes  showed  apparent  differences. 
Tests  of  significance,  however,  did  not  indicate  definite 
differences,  probably  because  of  the  small  number  of  samples 
from  some  producers. 

Tie  ratios  among  the  tensile,  compressive  and  shear 
properties  of  the  individual  samples  are  shown  in  Tables  XII 
to  XVIII.  Similarly,  the  ratios  between  bearing  properties 
and  tensile  properties  are  shown  in  Tables  XIX  to  XXV. 

The  average  values  of  the  ratios  of  properties  in 
the  longitudinal  and  long-transverse  directions  and  at  the 
specification  test  location  in  the  thickness,  for  the  respec¬ 
tive  thickness  ranges  of  the  different  alloys  and  tempers, 
are  shown  in  Tables  XXVI  to  XXX.  For  the  artificially  aged 
tempers,  the  ratios  among  some  of  the  properties  are  dis¬ 
tinctly  different  for  the  -T65I  and  -T&51  tempers  than  for 
the  ~lu  and  -T62  tempers,  respectively.  In  the  solution  heat 
treated  tempers  of  2024  (-T351  and  -T42),  still  larger 
differences  occur,  as  would  be  expected. 

For  comparison,  these  tables  also  contain  the 
corresponding  ratios  as  indicated  by  the  design  values  in 
MHr-HDBK~5;  August  1962.  Again,  there  are  distinct  differ¬ 
ences  when  the  latter  ratios  are  compared  with  the  ratios 
from  the  recent  tests  of  both  the  stress-relieved  stretched 
(-TX51)  tempers  and  the  "heat-treated-by-user"  tempers  (-TX, 
-TX2).  It  should  be  noted  that  the  higher  ratios  of  bearing 


7 


properties  to  tensile  propertj.es  for  the  tests  made  on  this 
contract  are  at  least  partly  the  result  of  an  improved  pro¬ 
cedure  for  making  bearing  tests (8) . 

In  order  to  use  the  ratio  data  for  the  respective 
alloys  and  tempers  more  effectively,  a  regression  analysis  of 
each  group  of  ratios  was  made  to  determine  whether  a  signifi¬ 
cant  correlation  exists  with  thickness.  In  this  manner, 
advantage  was  taken  of  the  data  across  all  thicknesses  in 
arriving  at  the  minimum  average  ratios  used  for  determining 
derived  design  values.  'Where  no  correlation  exists,  a  single 
minimum  value  of  £  was  selected  to  apply  to  all  thicknesses. 

This  value  Is  the  lower  limit  of  the  confidence  band  around 
the  average  ratio  of  all  the  data.  Where  a  significant  _ 
correlation  with  thickness  does  exist,  values  of  minimum  R 
for  each  thickness  range  were  selected  that  corresponded  with 
the  lower  limit  of  the  confidence  band  around  the  regression  line 
at  the  mean  of  each  respective  thickness  range. 

These  analyses  were  made  of  the  ratios  involving 
results  of  longitudinal  and  long-transverse  test3  of  the 
different  samples  of  the  -TX51  temper  of  each  alloy.  Similar 
analyses  were  made  of  the  ratios  involving  results  of  short- 
transverse  tests  of  7075-T65I  and  7079-1651  but  not  of  the 
other  alloys  and  tempers.  The  distribution  of  the  ratios,  and 
the  values  for  the  different  terms  in  the  analyses,  are  shown 
in  Tables  XXXI  to  XXXVI.  For  the  ratios  involving  tensile 
ultimate  stress  and  tensile  yield  stress  in  the  longitudinal 
and  long- transverse  directions,  there  generally  Is  no  correla¬ 
tion  with  thickness;  in  those  ratios  involving  compressive 
yield  stress,  there  frequently  is  a  correlation.  In  the 
ratios  involving  tensile  and  compressive  stresses  In  the 
short -transverse  directions,  there  are  no  correlations.  In 
the  ratios  involving  shear  and  bearing  stresses,  there  is  no 
correlation  with  thickness  for  the  2000- series  alloys,  but 
there  generally  is  for  the  7000- series. 

Since  shear  and  bearing  tests  had  been  made  using 
both  longitudinal  and  long-tran3verse  specimens,  Student's 
!'t"-test  was  applied  for  each  alloy  to  the  ratios  for  each 
test  dj-rection.  to  determine  whether  there  was  a  significant 
difference  between  average  ratios  for  the  two  directions. 

Where  none  was  found,  the  ratios  for  the  two  directions  were 
combined  for  computations  establishing  the  minimum  ratio 
values  that  would  be  used;  where  there  was  a  significant 
difference,  the  ratio  values  used  were  those  for  the  di¬ 
rection  for  which  the  values  were  more  conservative. 

The  valuer  of  ratios  for  use  in  computing  design 
values  from  specified  long- transverse  tensile  properties  of 
the  respective  thickness  ranges  of  each  alloy  are  summarized 
in  Tables  XXXVII  to  XLII. 


Design  values  for  ultimate  tensile  stress,  tensile 
yield  stress,  compressive  yield  stress,  ultimate  shear  stress, 
ultimate  hearing  stress  and  hearing  yisld  stress  for  the 
-TX51  tempers  of  each  alloy  have  been  summarized  as  shown  in 
Tables  XLIII  to  XLVII.  In  these  tables,  all  differences  .from 
values  shown  in  corresponding  tables  in  MIL-HESBK-5#  August 
1962,  are  indicated  and  explained  by  footnotes. 

In  preparing  these  tables,  the  values  for  long- 
transverse  tensile  properties  shown  in  Table  IV  were  used  as 
basis-property  "A"  values.  For  those  alloys  and  thickness 
ranges  for  which  nB”  values  for  long-transverse  tensile 
properties  are  shown  in  MIL-HDBK~5^  August  3962,  the  same 
values  were  used  except  where  a  review  of  Alcoa’s  recent 
product jnn  data  indicated  definitely  that  changes  should  be 
made.  Jn  some  cases  where  the  "A"  value  had  been  increased, 
the  "Bn  value  was  not  changed,  because  the  review  would  not 
support  a  higher  "B"  value.  "Wherever  sufficient  supporting 
production  data  were  available,  corresponding  "B“  values  for 
other  thickness  ranges  were  added.  Using  these  basis-property 
values  and  the  ratios  in  Tables  XXXVII  to  XLII,  the  remaining 
design  values,  excepting  those  in  the  short -transverse 
direction,  were  computed. 

For  2014- T651,  the  short-transverse  MA"  values  in 
MIL-HDBK-5j  August  1962,  were  retained  because  the  number  of 
samples  tested  in  this  direction  was  considered  too  small  to 
justify  statistical  determination  of  minimum-average  values 
for  ratios  among  properties.  The  short-transverse  "B"  values 
were  derived  using  the  same  spreads  between  "A"  and  "B" 
values  as  shown  for  long-transverse  tensile  properties. 

For  7075-T651j  the  short-transverse  "A"  values  were 
derived  using  the  basis-property  long-transverse  values  and 
the  ratios  in  Table  XL.  The  short- transverse  "B”  values  were 
derived  using  the  same  procedure  as  for  2014-T651.  It  should 
be  noted  that  the  short- transverse  values  for  7075-T65I  in 
Table  XLV  are  definitely  lower  than  those  in  MIL-HDBK-5, 

August  1962. 

When  preparing  Table  XLVI  for  design  properties  of 
7079-T65I  plate,  a  conflicting  situation  was  found.  Specifi¬ 
cations  for  this  material  contain  requirements  for  tensile 
properties  not  only  in  the  long-transverse  directions,  but  also 
in  the  longitudinal  and  short-transverse  directions.  These 
values  computed  using  the  ratios  in  Table  XLI,  however,  are 
different.  Such  differences  may  be  explained  by  the  fact 
that  the  ratios  determined  from  the  tests  made  on  this  con¬ 
tract  are  based  on  a  relatively  small  number  of  samples.  The 
longitudinal  and  short- transverse  values  in  specifications  no 
doubt  are  based  on  tests  of  a  larger  number  of  samples. 
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In  Tables  XLIII  to  XLVII  of  design  properties,  more 
than  half  of  the  values  for  tensile,  compressive  and  shear 
properties  now  shown  in  MIL-HDBK-5,  August  1962,  have  been 
changed  slightly;  and  the  majority  of  the  changes  were 
decreases.  The  lower  values  for  shear  stress  may  be  explained 
partly  by  the  fact  that  the  loads  in  the  shear  tests,  in  this 
investigation,,  were  applied  normal  to  the  surface  of  the  plate; 
in  previous  tests,  the  direction  of  loading  was  not  controlled. 
All  of  the  bearing  values  were  changed,  those  changes  generally 
being  increases,  mainly  because  of  the  recent  .improvements  in 
test  procedure.  For  the  larger  thickness  ranges,  many  new 
values  for  the  various  properties  have  been  added.  In  some 
cases,  they  involved  interpolation  or  extrapolation,  where  no 
samples  of  those  thicknesses  had  been  received  for  testing; 
however,  this  was  done  only  when  experience  indicated  this 
would  be  reasonably  satisfactory. 

The  procedure  used  in  calculating  the  derived 
values.  In  the  tables  of  design  mechanical  properties  in  this 
report  is  in  accordance  with  that  recommended  by  the  Handbook 
Reliability  Subcommittee.^ ) . 

Although  not  of  direct  interest  in  connection  with 
the  tables  of  design  mechanical  properties  in  MIL-HDBK-5, 
some  additional  observations  concerning  differences  in 
mechanical  properties  can  be  made  that  are  of  interest. 

The  properties  at  center  of  thickness  often  we re 
definitely  different  from  those  at  midway  location,  the  latter 
being  the  location  at  which  specification  tensile  tests  are 
made  in  plate  thicker  than  1.500  in.  The  ratios  for  each 
property  at  center  vs  midway  locations  are  summarized  in 
Tables  XLVIII  and  XLIX,  and  some  averages  of  these  ratios 
are  shorn  in  Table  L.  There  appeared  to  be  no  correlation 
between  any  of  the  ratios  and  thickness  of  plate.  For  the 
same  tempers  of  2014  and  2024,  the  ratios  were  about  the 
same;  and  the  same  was  true  for  7075  and  7079.  For  2024-T551 
and  -T42,  the  ratios  for  ultimate  tensile  stress,  tensile 
yield  stress  and  compressive  yield  stress  ranged  from  1.05  to 
1.10,  the  range  being  about  the  same  regardless  of  temper  or 
direction.  The  ranges  were  smaller  for  the  artificially  aged 
tempers  of  2014  and  2024,  the  ratios  for  the  longitudinal 
direction  then  averaging  about  1.00,  and  in  the  long- 
transverse  direction  averaging  about  0.99.  For  the  artifi¬ 
cially  aged  tempers  of  7075  and  7079,  the  ratios  for  the 
longitudinal  direction  average  1.06,  and  in  the  long- 
transverse  direction,  1.02. 

The  ultimate  shear  stress  always  was  lower  at  the 
center  location.  The  average  ratio,  0.95,  was  about  the  same 
regardless  of  alloy,  temper  and  direction  of  specimen. 
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The  flatwise  bearing  properties  generally  were  lover 
at  the  center  location.  For  2024-T351  and  -T42,  the  average 
ratio  was  0.98,  the  ratios  being  slightly  lower  for  the 
smaller  than  for  the  larger  edge  distance.  For  the  artifi¬ 
cially  aged  tempers,  regardless  of  alloy,  temper  (-TX51  or 
"heat-treated-by-user"),  and  edge  distance,  the  ratio  was 
slightly  lover,  averaging  0.97* 

Another  comparison  that  can  be  made  is  that  of 
bearing  properties  of  plate  1  in.  and  thicker,  when  using 
edgewise  vs  flatwise  specimens.  Ratios  for  each  of  these 
properties  are  shown  in  Tables  LI  and  LII;  the  averages  are 
summarized  in  Table  LIII.  Ihe  average  ratios  ranged  from 
1.01  to  0.86.  In  general,  the  ratios  were  about  the  same 
regardless  of  whether  longitudinal  or  long-transverse  speci¬ 
mens  were  tested;  and,  in  the  artificially  aged  tempers, 
whether  the  temper  was  -TX51  or  "heat-treated-by-user."  Ihe 
ratios  generally  were  lover,  however,  for  ultimate  bearing 
stress  than  for  bearing  yield  stress,  for  2024-1351  than  for 
5024- T42,  for  2024  in  artificially  aged  tempers  than  in 
solution-heat-treated  tempers,  for  2000- series  alloys  than 
for  7000-series  alloys  (ultimate ‘bearing  stress  only),  and 
for  an  edge  distance  (e/D)  of  1.5  than  for  2.0* 

The  results  of  the  repeated  stress- strain  tests 
are  summarized  in  Table  LIV  and  the  average  modulus  values 
are  shown  in  Table  LV. 

In  the  modulus  tests,  there  was  a  slight  difference 
in  average  values  in  the  initial  and  final  loading  cycles. 

In  tensile  loading,  the  initial  value  averaged  slightly  higher 
(140,000  p3i);  and  in  compressive  loading,  slightly  lover 
(40,000  psi).  These  differences  probably  occurred  because  of 
residual  stresses  *  The  modulus  averaged  about  100,000  psi 
higher  in  the  long-transverse  than  in  the  longitudinal  direc¬ 
tion.  In  2024,  there  was  no  definite  difference  between  the 
values  for  the  solution-heat-treated  and  the  artificially 
aged  tempers,  nor  between  those  for  the  -1X51  and  "heat- 
treated-by-user"  tempers,  nor  between  the  alloys  within  the 
2000  or  7000  series.  Ihere  were  definite  differences,  however, 
between  the  average  values  for  tho  two  groups  and  between  those 
in  tension  ;and  compression. 

Ihe  modulus  values  selected  for  the  alloys  and  types 
of  loading,  rounded  off  to  the  nearest  100,000  psi,  are: 

Modulus, 

_ E3± _ 

Tensile  Compressive 

10,700,000  10,900,000 

10,300,000  10,600,000 


Alloy  Series 

2000 

7000 
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Three  of  these  values  are  higher  than  the  values  shown  in 
MIL-HDBK-5,  August  1962.  These  new  values  are  used  in  Thbles 
XLIII  to  XLVII,  and  in  the  stress- strain  and  tangent -modulus 
curves  in  Pigs.  23  to  40. 

Analysis  of  the  results  of  the  individual  stress- 
strain  tests  showed  that,  for  a  given  alloy,  temper  and 
direction,  there  was  no  trend  with  thickness  in  the  offsets 
from  the  modulus  line  at  stresses  expressed  in  per  cent  of 
yield  strength  in  the  respective  tests.  Therefore,  knowing 
the  modulus  and  having  the  groups  of  offset  values  for  a 
stated  alloy  and  temper,  longitudinal  and  long-transverse 
tensile  and  compressive  stress-strain  curves  for  any  alloy 
and  temper  can  he  derived  for  any  desired  values  of  yield 
stress.  Accordingly,  typical  and  minimum  ("A"  value)  curves 
for  the  alloys  in  the  -TX51  tempers,  and  typical  curves  for 
the  alloys  in  the  "heat- tr eat ed-by- user 11  tempers,  have  been 
prepared  for  various  thickness  ranges  as  shown  in  Figs.  23 
to  40.  For  each  typical  curve,  the  long- transverse  tensile 
yield  stress  was  ~the  typical  value  indicated  in  Alcoa's  pro¬ 
duction  in  recent  years,  and  it  is  assumed  that  the  value 
for  the  industry  would  be  about  the  same.  Ihe  ether  yield 
stresses  were  computed  from  this  tensile  yield  stress  and 
the  average  ratios  shown  in  Tables  XXXVIII  to  XLII. 

Only  typical  curves  were  prepared  for  the  "heat- 
treat  ed-by-  user"  tempers,  since  the  tests  of  these  tempers 
in  this  report  were  not  considered  sufficient  to  establish 
minimum  values  for  yield  stresses  not  included  in  specifica¬ 
tions  . 
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SECTION  6 


CONCLUSIONS 


Based  on  the  results  of  tests  of  commercially 
produced  plate  that  met  the  requirements  for  tensile  proper¬ 
ties  in  current  specifications ,  the  following  conclusions 
seem  warranted  concerning  the  mechanical  properties  of  2014, 
2024,  7075.  7079  and  7178  plate-: 

1.  Average  ratios  of  tensile,  compressive  and 
shear  properties  +o  the  long-transverse  ten^ 
sile  properties  \  .xh  are  determined  in  tests 
required  by  specifications  show  that : 

a.  For  the  artificially  aged  tempers,  some  of 
the  ratios  are  distinctly  different  for 
the  -TX51  tempers  than  for  the  "heat- 
treat  ed-by-  user"  tempers. 

b.  For  the  solution-heat-treated  tempers  of 
2024,  differences  in  ratios  are  larger 
than  those  for  the  artificially  aged 
tempers . 

2.  Minimum-average  values  of  ratios  for  use  in 
computing  design  mechanical  properties  of 
-TX51  tempers  of  plate  are  as  shown  in  Tables 
XXXVII  to  XLII.  These  minimum- average  ratios 
are  the  lower  limits  of  the  confidence  bands 
around  the  average  ratios. 

5.  For  2014  and  2024  In  the  -TX51  tempers,  these 
ratios  among  properties  generally  are 
independent  of  thickness  of  plate.  Exceptions 
are  the  ultimate  tensile  stress  of  2014- T65I, 
the  yield  stresses  of  2024-T551  and  the  com¬ 
pressive  yield  stresses  of  2024- T85I. 

4.  For  7075,  7079  and  7178  in  the  -TX51  tempers, 
some  of  the  ratios  among  properties  vary  with 
thickness  of  plate.  These  ratios  always 
include  ultimate  shear  stress  and  bearing  yield 
stress;  they  sometimes  include  tensile  and  com¬ 
pressive  yield  stresses  and  ultimate  bearing 
stress;  they  never  include  ultimate  tensile 
stress . 

5.  For  each  of  the  alloys  in  the  -TX51  tempers, 
between  the  longitudinal  and  long- transverse 
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directions,  there  is  no  definite  difference  in 
the  ratios  for  ultimate  shear  stress  to  the 
long- transverse  tensile  stresses .  ftie  same  is 
true  for  the  ratios  involving  hearing  stresses, 
with  the  exception  of  the  ultimate  hearing 
stress  of  2024-155 1. 

6.  For  plate  thicker  than  1.500  in.,  the  relations 
between  the  mechanical  properties  at  the  center 
of  the  thickness  to  those  midway  from  the 
center  to  the  surface  (the  location  for  speci¬ 
fication  tests)  indicate  that: 

a.  For  the  respective  alloys  and  tempers, 
there  is  no  correlation  with  thickness* 

h.  For  the  same  tempers  of  2014  and  2024,  the 
percentage  differences  are  about  the  same; 
this  also  is  true  for  7075  and  7079. 

c.  For  2024-1551  and  -T42,  the  ultimate  tensile 
stress,  tensile  yield  stress  and  compressive 
yield  stress  range  from  5  to  10  per  cent 
higher  at  the  center,  regardless  of  temper 
or  direction  (longitudinal  or  long- 
transverse). 

d.  For  the  artificially  aged  tempers  of  2014 
and  2024,  these  properties  are  about  the 
same  at  the  two  locations,  regardless  of 
temper  or  direction. 

e.  For  the  artificially  aged  tempers  of  7075 
and  7079 >  these  properties  in  the  longi¬ 
tudinal  direction  average  6  per  cent  higher 
at  the  center;  in  the  long-transverse 
direction,  2  per  cent  higher. 

f.  Ihe  ultimate  shear  stress  is  7  per  cent 
lower  at  the  center,  regardless  of  alloy, 
temper  and  direction  of  specimen. 

g.  ihe  flatwise  bearing  stresses  generally 
average  2  to  5  per  cent  lower  at  the 
center,  regardless  of  alloy,  temper  and 
edge  distance. 

7.  For  plate  1  in.  and  thicker,  the  bearing 
.stresses  generally  average  from  0  to  14  per 
cent  lower  under  edgewise  than  under  flatwise 
loading.  The  relations  are: 
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a.  Ihe  percentage  differences  are  about  the 
same  whether  loading  is  in  the  longitudinal 
or  long- transverse  direction  and,  in  the 
artificially  aged  tempers,  whether  the 
temper  is  -1X51  or  "heat -treated-by- user. u 

.  b .  Ihe  differences  are  larger  for  ultimate 
bearing  stress  than  for  bearing  yield 
stress,  for  2024-T351  than  for  2024- T42, 
for  artificially  aged  tempers  of  2024  than 
for  solution-heat- treated  tempers,  for 
2000- series  than  for  7000- series  alloys 
(ultimate  stress  only),  and  for  an  edge 
distance  of  1.5D  than  for  2.0D. 

8.  Tne  modulus  of  elasticity  of  each  alloy  is  2  or 

5  per  cent  higher  in  compression  than  in  tension. 
Ihe  values  are  about  the  same  regardless  of 
direction  of  loading  (longitudinal  or  long- 
transverse),  temper  and  alloy  within  the 
respective  series  (2000  and  7000). 

9.  Design  values  for  modulus  of  elasticity  are: 

Modulus, 

_ psi _ 

Alloy  Series  Tensile  Compressive 

2000  10,700,000  10,900,000 

7000  10,300,000  10,600,000 

10.  Design  mechanical  properties  for  the  -TX51 

tempers  of  plate  as  currently  produced  are  as 
shown  in  Tables  XLIII  to  XLVII. 

11.  Typical  and  minimum  ("A"  value)  stress-strain 

and  compressive  tangent-modulus  curves  for 
plate  as  currently  produced  are  as  shown  in 
Figs.  23  to  40. 
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SECTION  7 
RECOMMENDATIONS 


It  is  recommended  that  the  tables  of  design 
mechanical  properties  in  Tables  XLIII  to  XLVII,  and  the 
stress-strain  and  compressive  tangent-modulus  curves  in 
Pigs.  25  to,  40,  be  used  in  the  next  revision  of  MIL-HDBK-5. 
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TABIE  II 


HEAT  TREATMENT  AND  STRETCHING  CONDITIONS 
FOR  STRESS-RELIEVED  STRETCHED  PLATE 


Alloy 

and 

Temper  Producer 

Thickness, 

in. 

Solution 

Heat 

Treatment* 
Temperature 
Range ,  °F 

Stretch, 

Per  Cent 

Precipitation 

Heat 

Treatment* 
Temperature 
Range,  °F 

2014-T651 

A 

0.250-2.500 

925-945 

1-1/2  to  3 

315-340 

B 

2.000-2.250 

925-945 

2 

330-350 

C 

0.512 

925-945 

1-1/2  to  3 

315-340 

2024-T351 

A 

0.250-3.000 

910-930 

1-1/2  to  3 

B 

0.250-2.000 

910-930 

2 

— 

2024-T851 

A 

0.250-2.515 

910- 93C 

1-1/2  to  3 

365-385 

B 

0.440-0.805 

910-930 

2 

365-385 

7075-T651 

A 

0.314-3.953 

880-900 

1-1/2  to  3 

240-260 

B 

0.375-0. 501 

880-900 

2 

200-220;  290-310t 

B 

0.875-2.250 

880-900 

2 

240-2 60 

7079-T651 

A 

0.252-6.000 

830-875 

1-1/2  to  3 

190-210;  240-260t 

B 

0.625-3.000 

850-875 

2 

250-250 

7178-T651 

A 

0.250-1.250 

860-880 

1-1/2  to  3 

240-260 

B 

0.312-1.000 

860-880 

2 

240-260 

C 

0.435-0.520 

860-880 

1-1/2  to  3 

240-260 

*  Soak  times  are  dependent  on  thickness  but  are  those  that  are 
sufficient  to  pit  the  heat-treat  phase  in  solution;  or,  in  the 
case  of  aging,  to  achieve  required  properties. 

t  Two-step  aging  treatment. 


The  temperatures  shown  are  generally  within  recommended  industry 
standards  and  within  the  ranges  in  MIL-H-6088C. 
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TABIE  III 


HEAT  TREATMENTS  OP  -0  OR  -P  PLATE 
TO  OBTAIN  "HEAT-TREATED-BY-USER"  TEMPERS 


Solution 
Heat  Treatment 
Temperature, t 
Alloy  °P 

Precipitation 

Heat  Treatirent 

Temperature , 
Time*  °P 

Final 

Temper 

Designation 

2014 

955 

8  hr 

350 

~T6 

2024 

920 

MM 

-T42 

920 

10  hr 

375 

-T62 

7075 

890 

24  hr 

250 

-T6 

7079 

830 

5  days  RT; 

48  hr 

240 

-T6 

7178 

875 

24  hr 

250 

-T6 

t  Soaking  time  was  one  hour  for  thickness  *  0.500  in. 

For  each  additional  1/2  in,  of  thickness,  1/2  hr 
was  added. 

*  Time  shown  was  soaking  period  for  thickness  *  0,500  in. 
Except  for  7075  and  7178,  l/2  hr  was  added  for  each 
additional  1/2  in.  of  thickness.  For  7073  and  7178, 

24  hr  was  used  for  thicknesses  *  1,500  in.j  35  hr  for 
1. 501-2. 000  in.j  and  48  hr  for  *  2,001  in. 
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*  Heat  treated  ‘by  user. 

t  For  -T351  temper,  ratio  may  be  lower. 

*  At  location  stated  in',  specification  for  tensile  properties 


AVERAGE  RATIOS  AMONG  TENSILE ,  COMPRESSIVE,  SHEAR  AND  BEARING  PROPERTIES*  OP  7075  PLATE 
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Heat  treated  by.  user. 

For  -T651  temper,  ratio  is  1.00. 

At  location  abated  in  specification  for  tensile  properties 


AVERAGE  RATIOS  AMONG  TENSILE,  COMPRESSIVE ,  SHEAR  AND  BEARING  PRORERTIESl'  OF  7079  PLATE 


*  Heat  treated  by  user. 

t  At  location  stated  in  specification  for  tensile  properties. 
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*  Students  "t’-test  shovod  no  significant  differon«i  between  aYerage  ratios  for  L  and  Iff  dlrectians, 

t  Chitted.  /— — 

♦  ftegrosalon  amlysla  ohoved  significant  relationship  vith  thlctaoss.  Value  shewn  is  &  /  Vn  . 
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TABLE  XXXVII 


RATIOS  FOR  COMPUTING  DESIGN  MECHANICAL  PROPERTIES 
OF  STRESS-RELIEVED  STRETCHED  2014-T651  PLATE 


Thickness,  In. 


Ratio 

0.250- 

0.499 

0.500- 

1.000 

1.001- 

1.500 

1.501- 

2.000 

2.001- 

3.000 

3.001- 

4.000 

Ftu(L)/PtB(LT) 

0.981 

0.986 

0.990 

0.995 

1.002 

1.011 

VL)/V“'> 

1.023 

1.023 

1.023 

1.023 

1.023 

I.023 

VL)/VM) 

O.987 

0.987 

0.987 

0.987 

0.9&T 

0.987 

Fcy(I-T)/Pty(LT) 

1.038 

1.038 

1.038 

1.038 

1.038 

1.038 

PAM 

0.602 

0.602 

0.602 

0.602 

0.602 

0.602 

WFtu<M> 

e/l>1.5 

1.577 

1.577 

1.577 

1.577 

1.577 

1.577 

e/D*2.0 

2.009 

2.009 

2.009 

2.009. 

2.009 

2.009 

Fbi/Vra) 

e/D»1.5 

1.533 

1.533 

1.533 

1.533 

1.533 

1.533 

e/D*2.0 

1.811 

1.811 

1.811 

1.811 

1.811 

1.811 
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TABLE  XXXVIII 

RATIOS  FOR  COMPUTING  DESIGN  MECHANICAL  PROPERTIES 
OF  STRESS-RELIEVED  STRETCHED  2024-1351  PLATE 


Thickness,  in. 


Ratio 

0.250- 

0.499 

0.500- 

1.000 

1.001- 

1.500 

1.501- 

2.000 

2.001- 

3.000 

3.001- 

4.000 

Ptu<L>/Ptu<1T> 

1.008 

1.008 

1,008 

1.008 

1.008 

1.008 

1.148 

1.141 

1.134 

1.126 

1.114 

1.100 

Vl,/V“) 

0.946 

0.936 

0.927 

0,£18 

0,903 

0.884 

yur)/Pty(w) 

1.075 

1,g68 

1.062 

1.056 

1.047 

1.035 

'AM 

0.600 

0.600 

0.600 

0.600 

0.600 

0.600 

wyai 

e/l>l .  5 

1.514 

1.514 

1.514 

1.514 

1.514 

1.514 

e/D-2.0 

1.854 

1.854 

1.854 

1.854 

1.854 

1.854 

Pbr/FtT'W> 

e/D-1.5 

1.733 

1.733 

11733 

1.7.33 

1.733 

1.733 

e/D*2,0 

2.075 

2.075 

2.075 

2.075 

2.075 

2.073 
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table  XXXIX 


DESIGN  MECHANICAL  PROPERTIES 
OF  STRESS-RELIEVED  STRETCHED  2024-T851  PIATE^ 


Thickness,  in. 


Ratio 

0.250- 

0.499 

0.500- 

1.000 

ptu<l)/>tu(W) 

1. 001 

1.001 

Vl>/VLT) 

1.010 

1.010 

Fcy^L^/Fty(LT) 

1.013 

1.001 

P0y(H)/Pty(lff) 

1.018 

1.013 

0.572 

0.572 

IWV<M> 

e/l>1.5 

1.527 

1.527 

e/D=>2,0 

1.9*8 

1.948 

VVB| 

e/D^l.5 

1.502 

1.502 

e/D«2.0 

1.756 

1.756 

TABLE  XL 


RATIOS  FOR  COMPUTING  DESIGN  MECHANICAL  PROPERTIES 
OF  STRESS-RELIEVED  STRETCHED  7075-T^l  PLATE 


Thickness, 

in.. 

Ratio 

0.250- 

0.499 

0.500- 

1.000 

1.001- 

2.000 

2.001- 

2.500 

2.501- 

3.000 

3.001- 

3.500 

3,501- 

4.000 

F^U/F^W) 

0.988 

0.988 

0.988 

0.988 

0.988 

0.988 

c  .988 

Ptu(3T)/i-tu(M> 

— 

— 

— 

O.896 

O.896 

O.896 

O.896 

F,y(L)/Fty(ur) 

1.032 

1.032 

1,032 

1.032 

1.032 

1.032 

1.032 

Fty(3T)/Fty(UT) 

— 

— 

— 

0.890 

0,890 

0.890 

0.890 

FCJ(L)/Fty(LT) 

1.008 

0. 999 

0.987 

0.974 

0.966 

0.957 

0.949 

Foy(UP)/Fty(LT) 

1.059 

1.059 

1.059 

1.059 

1.059 

1.059 

1.059 

Foy(ST)Aty(M) 

— 

— 

— 

1.021 

1.021 

1.021 

1.021 

0.562 

0.568 

0.579 

0.591 

0.598 

0.606 

0.6i4 

Fbru/ptu(ur) 

e/D*l,3 

1.516 

1.516 

1.516 

1.516 

1.516 

1.516 

1.516 

o/D-2,0 

1.869 

1.869 

1.869 

1.869 

I.869 

1.369 

1.869 

WVM) 

s/IM.5 

1.468 

1.485 

1.517 

1.550 

1.572 

1.594 

I.616 

©/l>« 2.0 

1.723 

1.740 

1.773 

1.807 

1.829 

1.852 

1.874 
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TABLE  XLI 


RATIOS  FOR  COMPUTING  DESIGN  MECHANICAL  PROPERTIES 
OF  STRESS-RELIEVED  STRETCHED  7079-T651  PLATE 


Thickness, 

in. 

Ratio 

0.250- 

1.500 

1.501- 

2.000 

2.001- 

2.500 

2.501- 

3.000 

3.001- 

4.000 

4.001- 

4.500 

4.501- 

5.000 

5.001- 

5.500 

5.501- 

6.000 

Ftu<L>/Ftu(LT> 

0.979 

0.979 

0.979 

0.979 

0.979 

0.979 

0.979 

0.979 

0.979 

Ftu(ST)/Ftu(LT) 

— 

— 

0.521 

0.921 

0.921 

0.921 

0.921 

0.921 

0.921 

Fty(L)/Pty(LT) 

1.017 

1.017 

1.017 

1.017 

1.017 

1.017 

1.017 

1,017 

1.017 

Fty(ST)/Fty(LT) 

— 

— 

0.907 

0.907 

0.907 

0.907 

0.907 

0.907 

0.907 

Fcy(L)/Fty(LT) 

0.996 

0.991 

0.989 

0.987 

0.983 

0.978 

0.977 

0.975 

0.973 

Poy(M)/Pty(W) 

1.055 

1.055 

1.055 

1.055 

1.055 

1.055 

1.055 

1.055 

1.055 

Fcy(ST)/Fty(LT) 

— 

— 

1,030 

1.030 

1.030 

1,030 

1.030 

I.030 

1.030 

Fau/ptu<M) 

0.576 

0.588 

0.594 

0.601 

0.611 

0.621 

0.627 

0.634 

0.640 

WFtu<M> 

e/l>1.5 

1.563 

1.563 

1.563 

1.563 

1.563 

1.563 

1.563 

1,563 

1.563 

e/D=»2.0 

1.968 

1.968 

1.968 

1.968 

1.968 

1.968 

1.968 

1.968 

1.968 

=VVM> 

e/D»  I  y 

1.513 

1.540 

1.556 

1.571 

1.594 

1.617 

1.633 

1.648 

1.664 

e/]>2.0 

1.767 

1.799 

1.802 

1.815 

1.834 

1.853 

1.866 

1.879 

1.892 

6^ 


TABLE  XLII 


RATIOS  FOR  COMPUTING  DESIOT  MECHANICAL  PROPERTIES 
OF  STRESS-RELIEVED  STRETCHED  717°-T651  PLATE 


Thickness 

,  in. 

Ratio 

0.250- 

0.499 

0.500- 

1.000 

1.001- 

1.500 

1.501- 

2.000 

Ptu(L)/Ftu(M) 

0.988 

0.988 

0.988 

0.988 

VL)/Pty (M) 

1.032 

1.019 

1.001 

0.983 

Vi)/VM) 

1.000 

1.000 

1.000 

1.000 

Fcx(m)/Pty(LT) 

1.066 

1.048 

1.024 

1.012 

0.578 

0.549 

0.510 

0.472 

Wptut“! 

e/l>.1.5 

1.528 

1.474 

1.402 

1.330 

e/]>2.0 

1.87a 

1.805 

1.707 

1.609 

•WW> 

e/D-1.5 

1.513 

1.458 

1.385 

1.312 

e/l>2.0 

1.784 

1.721 

1.638 

1.554 

4> 

o  o  o 
HOIA 
vovo  u  \ 


(AliMA 


0)  0)  4)  0) 

o  o  o  o 
vqo\ov  'o 
ininin  IA 


S  u 


O 

TJ 

VplAH 

in  in  in 


O  <D 

O  <U  ,Q 

■fiinin 


o  o  o_ 
53  in 


o  o  o  p ip  o  o 

Q  OMA  00  H  H  (I> 

Coin  in  movo  in 


mKvo 

lOUJlil 


^  t'-KN  ^ 

in  in  in  ininm  k\ 


l A 
£ 
a  i 

a  a 


o  o 

88  \ 

o  o 

WH  1 
VOVO  1 

o  e»  o 

8&\  5 

o  o 
p-rn 
o  in 

H  H 

no 

!  1  1 
l  i  i 

1 

in  in  i 

VOVO  1 

t) 

QO\  1 
vo  m  i 

•°C0H  1  ^gv 

mo  i  in 

Tit) 

mn 

om 

HH 

■OtJ 

Ot~ 

0\0 

H 

KO  K\  | 

1 

CQ 

■“V-co  1 

VOVO  1 

o 

CVIH  t 
VOVO  t 

"ssi  s* 

HH 

•OjtJ 

fvO 

i  i  i 
i  i  i 

o 

von- 1 
vovo  i 


o 

com  i 

VOVO  I 


•o  n  X3 

QQ\  I  COH  I  *  p 

vJ5  Crv  i  u>o  j  -9- 


CVJH  I 
VOVO  I 


pm  i  h 

vovo  i  st 


T)tJ 

Sfe 


’d'd 

(AO  ,  I 

°3  I  S 


JO 

v8v& ! 

sb 


tfl  tfl  ^ 

T-m  o 
•  •  • 

a  o  st 


3  £H £-<  t>»  Hr+  tn  fcs-»  3 

■PHHW  OHHPi  OHHOT  n 


h  mo  h  mo  §  ra  p.  O 

ft  M  H«  5  HCV  °  R 

^  -  Si ■ ,  3S  %  W  OW 

3  g»  t?»  &  s  ^  ‘ 

P?  ^  Pf“  ^  S3  , 


e<&< 

-nnw 

© 


OJ 

vo  • 

%4.a 

p-P 

§,<§> 

2 

<$m 

i  ■> 

«wm 
mm  i 
M.HW 


©  o  • 

HH01 
O  OVG 
OV 
O-PH 


,1  '  COP 

-Win  ojO  n 
in  m  i  n  -p  p 

fl&gg  .g-SSi 
MSdg" 
3?l33gSm 

P  J  HP  W-P  l 

lipifii 

fef*1faS 

r)  _  cl  n  n  o  q 

p  q  —3  3  o  >  3 

s3§5«4’s,S 

0^3  c<  ®  §*”  #< 

O  f<  >  <D  O 

•P  ;*  >'S»a  d  «  § 
O  Q  0-4  O  Q  p-rf 

KHEr.Kom  ft  w 
I  I  I  1  I  I  I 
<3.0  03  OH  to 


-»  o  ^ 
W  W  o 


TABLE  XUV 

DESIGN  KSCHAiaCAL  PROPERTIES  CP  30;>luT551  AKI  -T&51  ALCXINDM  ALLOT  PLUS 


«  I  I  I  I  •  I 

on  i/*~*  t& 


68 


EEsicar  keceahigal  fro; 


•m 

w 


a 

E-< 

>  £ 

ri  & 


N?  g£ 


8"? 


32 

h  < 


•H 

O  < 


°°k 


s  a 

3  g  . 

8  @52, 


o  o  o 

w 

T)  .O 

&&8 

Odd 

t3x)x) 


1M& 


coo  | 

t-t-  I 


fcfcl 


Ihsi 


o  o  o 

fc!RS> 


*»&  * 

£ 


1? 


000 

vc>in(ri 


XJOO 

&Et 

-d  O 

&8R 


x)  0 

OT, 


■d  xi 

<2££ 


Odd  d 

frJ&S  ^ 


°S$R  £ 


'X\  KV 
I  VO  .*■ 


x> 

COO\  1 
l-b* 


$$  I 


lb  I 


JO'OO 

>.8$&  j 

O  XJ  n 

«P|  1 

OT3  XI 

®Ri  ; 


®Pl 


x)  x)  xi 

®ffl  ; 


3- 

a  * 


fa  ri 


IAK\H 


1  £ 

TK* 

85 

X3  X) 

a§ 

mmn 

!  % 

X)X) 

as 

X3TJ 

H  t^- 

S3 

i  1  1 

^  vo 

X)  X) 
HVO 
H(o 

- dri_ 

-dxj 
<b  cvj 

*3 

m  mn 

0  0 
H  H 

•*r 

X)X) 

8$ 

Hr,' 

xi  -a 

mw 

ow 

HH 

1  1  1 

0 

in 

*t 

x)  -o 

S2 

XJX) 

33 

1 rvt-  j 

1? 

XJX) 

as 

XJXJ 

CVJO 

s5 

1  1  I 

% 

X)X) 

aa 

XJX) 

*3 

VOVO  j 

* 

•0X3 

83 

HH 

XJX) 

§3 

1  ( I 

* 

x?x) 

33 

XJX) 

**a 

GOOD  J 

^as  Jbas 


C  —  o  £ 

33?  3?s  § 

ii  bll  a 

*f' —  .r* 


in^l  m  o  x:  n 

if  sf 

$s«|M 

T?5§53!^ 

§sl“f^g 

£$§05 

-  ,V-<  0  -P  t. 

mm 

&-PH  Ml) 

8fc£S5SS 

■P  S  >  M  &  Sj  M 

g-sssfoga 

w  •  1 » « 1  1 

«  «JXJ  Ox)  O  %n 


o  VO 

H  O 
H 


POO  OOO  OOO  0  GO  GO 

fitriR  iflSR  »  O 


M  Wh  tf&R  *k 


GO  O 

#8  S> 


OOO  o 


Ws  ^ 


OOO  O 

Sf 


bfa  % 


OOO  o 

s«$  » 


If 


m  % 


0  o  ^ 

a&i  j? 


Hft  3 


°&i  % 
I  1? 


o  o  o 

CS4r|  & 


&i * 


¥s  jft 
Tfe  ^ 
1ft  q 
16  «| 
~1fe  ^ 

o  w>  o  o 

88  *S 
¥5 . 

GO  OP 

as  *1 
1ft  ya 

GO  GO 

as  «a 

jftjft 

a  ¥a 

%  ift 

%  j| 

%  Hi 

%  '*1 


!l 


umw  jj  jjtf 

—  ^ .  sill 

>!' 


n  i 

1  juau  &,3k 

B  w  P* 


2 

«  fti 


rj  1AO  it\0 

\ii  \ii 

if —  *? — 


I*  VO  ONO 

r  oho 

A  H  Hi 

V.3R  .  »  J  "  ' 

•  M  M  o  u«e 


70 


TABLE  XLVII 

DESIGN  MECHANICAL  PROPERTIES  OF  7178-T65I  ALUMINUM  ALLOY  PLATE 


ALLOY 

7178 

FORM 

Plate 

CONDITION 

-T651 

THICKNESS,  in. 

0.250-0.499 

0.500-1.000 

1.001- 

-1.500 

1.501-2.000 

BASIS 

A 

B 

A 

B 

A 

B 

A 

B 

Mechanical  Properties: 

F.  ,  ksi 
tu 

L 

LT 

r 

r 

sr 

tf 

^  ad 

80ad 

81° 

Fty,  ksi 

L 

LT 

!  75b 

73 

77 

75 

7^ 

7? 

76a 

75 

73° 

73 

75c 

75 

70cd 

70 

71cd 

71 

Fcy,  ksi 

L 

LT 

Fsu'  kai 

77^ 

49a 

gs 

50s 

73b 

77D 

46a 

75a 
79  D 

47s 

73q 

75q 

43a 

1 

1 

75° 

77° 

44° 

70°? 

71oa 

38cd 

Tied 

72ca 

58cd 

toi6 

(e/D=1.5) 

(e/l>2.0) 

il$ 

124b 

152° 

i 

127b 

155 

118 

145q 

121° 

147° 

lo6°? 

129cd 

lo8cd 

150ca 

V  lcsie 

iwS 

130b 

113^ 

133d 

106b 

126b 

109b 

129° 

wig 

119° 

104? 

125° 

92cd 

109 

95°d 

110wCl 

e,  per  cent 

LT 

8 

— 

6 

— 

4 

— 

3 

— 

E,  106  psi 

E  ,  106  psi 

0  6 

0,  10  psi 

10.5 

10. 6f 

3-9 

a  *  Lower  than  for  t6  in  MIL-HEBK-5>  August  1962. 
b  -  Higher  than  for  T6  in  MIL-MEK-5,  August  I962. 

0  -  New  value;  not  3hown  in  MIL-HDEK-5*  August  1962, 
d  -  Confuted  using  extrapolation, 
e  -  Bearing  testa  made  using  ultrasonio  cleaning; 

results  average  higher  than  without  cleaning, 
f  -  Higher  than  in  MIL-HDQK-5,  August  1962. 
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RATIOS  OF  EEARIKO  PROPERTIES*  X!l  TEE  EDCSVISE  EIKECTIOH  TO  THOSE  IK  THE  FLATWISE  DIHECTIO:; 
FOR  STRESS- RELIEVED  STRETCHED  PLATE  OF  SEVERAL  ALCMTNOM  ALLOTS 
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AVERAGE  RESULTS  OF  MODOLUS  XEl'KWCQ'lATIONS 
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Case  Length 

i 

\ 

MM 

MR 

^-a*.  U<  uJ 

ReOUCUD  SlCTlOM 

■ 
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<5  A. die. 
l_se.fMG.THj 
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__  IH» _ ^ 

mmSSm 

199M 

0.500*  0.009 

2.000  ^  0.002. 

3.1*9 

Va 
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0.2 .90  ±  o.ooa 

,  0*002. 

■*■  o.ool 

I.ooo*  0.002 

1.962-9 

3/|6 

% 

2% 

Tapered-Seat  Specimens 


Pig.  1.  General  Dimensions  of  Tensile  Specimens 
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Sheet-Type  Compressive  Specimen 


Shear  Specimen 


NohiMau 

DtAMtTBIV 

IM. 

D,  im. 

% 

IH 

0.37^0 

l/4 

0.2490 

O.Z40O 

% 

0.1865 

0.1855 

Fig.  2.  General  Dimensions  of  Compressive  and  Shear  Specimens. 
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‘4*  STW/MQHT  REDUCED  SECTt O N 


Round  Compressive  Moaulua  Specimen — 3/4-in,  diam 


Pig,  4,  TenBile  and  Compressive  Modulus  Specimens, 
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ALCOA  RESEARCH  LABORATORIES 
ALUMINUM  COMPANY  OF  AMERICA 
Niw  Kihuhston.  Pcnmitlvania 

Ratios  of  Shear  Properties 
to 

Tensile  Properties  (LT) 
vs 

om),  ^.-TW-okness 
2014-TO51  A1  Alloj-  Plato 


nonw. 


.  Aff *ovro_ 


07  Plate 
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IPO'S] 


IS 


ALCOA  RESEARCH  LABORATORIES 
ALUMINUM  COMPANY  OF  AMERICA 

NlW  KlHlINSTON,  PtNNSYLVANIA 

Ratios  or  Shear  Properties 
to 

Tensile  Properties  (np) 
vs  ' 

M  .  Thickness 
2024-T351  AX  Alloy  Plate 


Homo. 


aamovid. 
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aluminum  company  of  ame 

Nt*  Kinsindtox,  Penneuvania 

Ratios  of  Shear  Prooe' 
m  to 

Tensile  Properties 
vs 

Thickness 

7073-T651  A1  Alloy  Pj 


PLOTTED - DATE.. 


APPROVED. 


BATE - 


Mi 


98 


Fig*  19 


ALCOA  RESEARCH  LABORATORIES 
ALUMINUM  COMPANY  OF  AMERICA 
New  KcNfiNaroN.  Fenwiylvania 


bios  of  Shear  Properties 

t0  /  X 

Pensile  Properties  (IZT) 
vs 

Thickness 

I78-T651  A1  Alloy  Plate 


-  ..  PATE. - APfAOVEP. 


L  -  LONGITUDINAL 
LT  -  LONG  TRANSVERSE 
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^ig.  32.  Typical  Stress- Strain  and  Tan^nt  ^ 

for  7075-T651  aluminum  alloy  rift  ^go-l^oSS. 
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Stress,  1000  psi 


Strain,  0.001  in.^in. 

Tangent  Modulus,  10°  psl 

Fig.  Vl.  Topical  Stress -Strain  and  Tangent-Modulus  Curves 
for  7075-T 6  Aluminum  Alloy  Plate,  0.250-2. 000-in. 
(lleat-Treated-By-User) 
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Minimum  ("A"  Value)  Stress- Strain  and  Tangent-Modulus  Curves 
for  T079-T651  AluainuM  Alloy  Plate,  1.501-2. 000-in. 


Stress,  1000  psi 


Strain,  0.001  in. /in. 
Tangent  Modulus,  10°  psi 


Pig,  58.  Typical  Stress-Strain  and  Tangent -Modulus  Curves 
for  717B-T65I  Aluminum  Alloy  Flate*  0,250-1,500-in, 
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Stress,  1000  psi 


Stress ,  1000  psi 
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Pig.  J10.  Typical  Stress -Strain  and  Tangent-Modulus  Curves 
for  717B-T6  Aluminum  Alloy  Plate,  0.2,50-1. 500-in. 

( Heat-Treat ed-By-User) 
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